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Effective Methods of Fly Control* 
A Review of the Factors That Underlie the Problem 
By Thomas J. Headlee, Ph. D., Prof. of Entomology in Rutgers College, Entomologist of the New Jersey Agricultural 
Experiment Stations, and State Entomologist 
"SWAT the fly" has been a slogan of anti-fly work­
ers for about ten years. The publicity campaign be­
gun at that time and carried on ever since has been 
so complete that the danger of the housefly and its 
associates as carriers of infection is well understood 
in even the humblest of the English reading homes 
of our country. Without doubt this campaign has pro­
moted the ant,i-fly effort to such a degree as to pretty 
completely exclude the insect from the homes of the 
better-to-do and to limit correspondingly the amount of 
harm done by it as a carrier of disease. Unfortunately, 
the expenditures incident to screening are sufficiently 
high to prevent the poor and the relatively ignorant 
from denying it access to their homes. 
In spite of various local ef-
headings of "Excreruentous substances," "Vegetable sub­
stances," "Animal substances" and "Miscellaneous sub, 
stances." 
Among the excrementous substances are horse manure, 
human excrement, fowl excrement, cow manure, pig ma­
nure and rabbit manure. Among the vegetable sub­
stances are spent-hops, decaying grain, cooked peas, rot­
ten watermelon, rotten musk or other melons, rotten 
cucumber, rotten carrots, rotten cabbage, rotten po­
tatoes and pulings, barley malt, excreta-soiled straw, 
bread, cake, bread and milk, rotten apricots, rotten 
bananas, rotten cherries, rotten plums, rotten peaches 
and boiled rice. Among the animal substances are rot­
ten meat, carrion, cattle paunch contents, rotten fowl 
evolved. The maggots, which hatch from the eggs, re­
quire a certain degree of moisture and warm tempera­
ture. That degree of moisture which is characterized by 
a peculiarly sLippery condition seems best and a tem­
perature ranging from 70 degrees F. to 95 degrees F. 
is required. Submersion of the food in water or thor­
oughly drying it out will destroy the larvae. At 50 
degrees F. or below little or no development takes place 
and 104 degrees F. will, if continued, kill the maggots. 
Horse manure because of the rapid and vigorous 
evolution of ammonia is very attractive to the fly 
as a place to lay her eggs and because of the degrees 
of moisture and temperature usually developed is a 
prime medium for the development of the maggots. 
When cow manure is 
forts in various parts of this 
and other countries to bring 
the fly and its associates un­
der control it has rarely been 
possible to reduce them to 
such a point that specimens 
are really rare. This being 
the case, if we would improve 
on what has been accom­
plished elsewhere, it is neces­
sary to review our knowledge 
of the factors that underlie 
the problem and to bring it 
up to date. 
Table to Show Seasonal Appearance of Flies In Different T)'plcal Locations. 
mixed with a considerable 
quantity of shavings, as is 
the custom in many dairy 
plants, it becomes almost as 
active a breeder as horse 
dung. 
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Considering its almost uni­
versal distribution and the 
exceptionally f a v 0 r a b 1 e 
breeding conditions which it 
produces, horse manure is 
without doubt the prinCipal 
source of houseflies both in 
the urban and the rural dis-
tricts. 
It has been shown by 
Faichne" in India that 4,000 
flies may come from 1-6 of a 
cubic foot of soil from a 
privy and 500 from a single 
dropping of human excreta . 
It has been shown by 
Herms in California that 15 
pounds of horse manure, or 
the average amount produced 
by one horse In one day, 
may breed as many as 10,282 
maggots. Howard states that 
160 maggots and 146 pupa ria 
were found in a quarter of 
a pound of horse manure in 
a pile in Washington, D. C. 
Perhaps, the first step in 
this direction is an inquiry 
into the composition of the 
fly fauna of typical locali­
ties. Unfortunately, the data 
bearing on this point are lim­
ited and are concerned with 
a location on a farm which 
lies in the edge of a city of 
about 35,000 people. The 
horse barn, the pig plant and 
the poultry plant are all lo­
cated on the Rutgers College 
Farm in the euge or the city. 
The flies were caught in 
traps baited with milk and 
bran which is known to at· 
tract practically all species 
that v,isit human food and 
human dwellings. 
Table Showing Comparative Abundance of House Flies at College Farm in 1914. It is a common impression 
and one fully borne out by 
the writer's experience that 
90 per cent. or more of the 
housefly fauna comes from 
horse manure. From the above tables it 
appears that at the beginning 
of the season the housefly is 
conspicuous by its absence. 
In 1913 it was the beginning 
of June before that species 
reached 30 per cent. of the 
fauna, and III 1914 it was 
only in the latter half of 
June that it became abun­
dant. From the middle of 
June in 1913 and the first of 
July in 1914 it became the 
dominate species, forming 90 
per cent. or more of the 
fauna, and remained so un­
til the end of the season. 
The little housefly and 
the garbage flies were dom­
inate at the beginning of the 
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season, were quite outnumbered in the hot weather and 
again rose in importance as the season drew to a close. 
It is thus shown that 90 per cent. or more of our 
fly trouble is due to the species variously known as the 
housefly, the typhoid fly and Musca domestica. 
SOURCES OF FLIES 
Perhaps, the next point of large Importance is an 
inquiry into the source of flies, particularly of the 
housefly. 
Hewitt' submits a list of substances in which breed­
ing has been found and groups them under the general 
*A paper read before the N. J. Sanitary Aasociation. 
'Hewitt, C. Gordon, "The House-FlY," Cambridge Zoologi­
cal Series, p. 94, 1914. 
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feathers, old broth and boiled eggs. Among the mis­
cellaneous fly breeding materials are kitchen refuse, fer­
menting substances in ash pits, saw dust and excremen­
to us refuse, garbage pile drainage, cesspool, snuff, ex­
pectoration with earth, excreta soiled paper or rags, 
ensilage and rubber. 
It thus appears that the housefly may breed in almost 
any kind of organic matter when the conditions are 
right. 
Richardson· has shown that the female housefly when 
ready to oviposit is decidedly attracted to and will lay 
her eggs upon substances from which ammonia is being 
'Richardson, Charles H., Bul. 292, New Jersey Agricultural 
Experiment Stations, 191f!. 
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MIGRATION OF J'LIES 
Granting that the housefly 
is fully 95 per cent. of the 
fly pest and that 90 per cent. 
of the houseflies come from 
horse manure, the next im­
portant step is to determine 
the distance to which it will 
migra teo Many studies bear­
ing on this point have been 
made. Hewitt' in the course 
of his studies at Ottawa, 
Canada, has shown that an 
extreme migration of 700 
yards or a little less than 'AI 
a mile may take place un­
der city conditions. Parker" 
in his studies in Montana 
has shown that in extreme cases the migration may 
reach 3,500 yards or almost 2 miles from the point 
of breeding. 
The factors which lead the fly to migrate are prob­
ably odors from feeding and breeding grounds. High 
winds tend to compel the fly to seek shelter and thus to 
reduce migration. Gentle winds, on the other hand, 
tend to disseminate the o(1ors which attract the flies 
and do not interfere with their movements, and thus 
fa vor extensive migration. Low temperatures by re-
3Faichne, N., "Fly-borne Enteric Fever; the Source of In­
fection," Journ. Ray. Med. Corps, Vol. 13, pp. 580-584, 1909. 
'Hewitt, C. Gordon, "The House-Fly," page 72, 1914. 
"Parker, R. R., Journ. of Ec. Ent., pp, 325-253, 1916. 
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ducing the fly's activity would tend to limit migra­
tion while high temperatures would favor distribution 
for the opposite reason. Rain causes the flies to seek 
shelter and therefore tends to restrict migration. There 
is some reason to think that high hills interfere with 
the progress of the insect and tend to restrict migra­
tion. Rivers, even when broad, seem to have little effect 
on distribution. 
According to Parker, given sufficient time, flies will 
become rather evenly distributed over a large area 
and even in a city of cons:iderable size every person 
allowing flies to breed on his premises IS maintaining 
a nuisance which directly affects every other individ­
ual residing in the city. In two weeks under favor­
able conditions flies will distribute themselves over an 
area 3 miles in diameter, providing it is built up. 
Distances of over a mile have been covered within 
five days. 
Nevertheless, we know very definitely that a section 
of a city from which fly attracting odors have been 
practically eliminated has very few flies, although other 
parts of the same city where those odors are rampant 
may be swarming with them. 
It thus appears that the organization undertaking 
fly control must deal with an insect that is prevalent 
throughout the summer, breeds in all sorts of rotting 
organic matter, especially in horse dung, and which 
may distribute itself over an area of at least four 
miles in diameter. 
METHODS 'OF CQNTRQL 
Three methods 'Of attacking the problem have been 
tried-destroying the adults, eliminating the breeding 
places and employing a combination 'Or the two. 
TRAPS AND PQISQNS 
Adult flies may be destrQyed by traps and by poisons. 
Some enthusiasts have maintained that by traps alQne 
the fly pest can be eliminated. Just recently a concern 
at Paducah, Ky., has been bedevilling the writer to 
test out a fly trap which it has placed 'On the market. 
This CQncern sends a testimonial from the maYQr 'Of 
that city which reads as follows: 
"Gentlemen: 
"About the 25th 'Of May we purchased' and installed 
in 'Our city two hundred ___ fly traps and I wish 
tQ state that we have practically eliminated the fly 
frQm 'Our city by use of these traps. 
"I cQnsider their purchase one of the best invest­
ments this city has. 
"Very truly yours." 
In 1913 after extensive use 'Of fly traps 'Of variQus 
types in the city of New Brunswick and 'On the Col­
lege Farm the writer said: "The best that can be 
said for traps is that they are an adjunct tQ fly con­
trol. The advocacy of the use 'Of traps as a suffi­
cient measure of fly control is pure fQlly, if the ex­
perience of the past summer (1913) counts for any­
thing." Thus far he has seen no reason to chauge 
his opinion. 
In some instances poisoned baits have been used 
on a large scale against adult flies. In 1913 Berlese 
reported on two years 'Of experiments against house­
flies at S. Vincenzo (Pisa), Italy. The first year he 
sprayed plants in the gardens and orchards near houses, 
manure piles and other places where flies congre­
gated. He used a mixture composed of 10 parts 
treacle, 2 parts of arsenite of potash or soda, and 100 
parts 'Of water, and made the applications every 10 
days. After every rain the spraying was repeated. 
The second year he suspended small bunches of straw, 
which had been dipped in a mixture of honey (1 part), 
treacle (1 part), sodium arsenite ('h part) and water 
(10 parts), under conical zinc covers. The baits were 
hung about houses 'On or near porches and verandas. 
Berlese states that he succeeded in eliminating the fly 
pest during each of the two years and believes that the 
method might be successfully used in large cities. 
In SQuth Africa, Malley used a solution composed of 
1 pound of sodium arsenite, 2 gallons of cheap mo­
lasses and 10 gallons of water. He applied this mate­
rial with a spray pump to branches of trees, piles 'Of 
refuse and in fact anything which offered a smooth 
and comparatively non-absorptive surfarG in places 
where flies gathered. The resultant control is said 
to have been excellent. 
ELIMINATION 'OF BREEDING PLACES 
Fly control through the elimination of its br;)eding 
places has met with greater success than any other 
method. Many campaigns have been carrif,d 'On in 
various parts of this and other countries and in some 
cases pretty good results have been obtained. In 191:1 
the writer summed up the results of fly control in the 
city of New Brunswick, on the College Farm arid un a 
dairy farm as follows: 
New Brunswiok.-"For a period of eight weeks t IH� 
city maintained a clean-up campaign, devoting a week 
to each ward and two wceks to the especially bad 
places. During this time the owners and tenants had 
merely to gather the rubbisn and pile it on the street 
edge, when the street department wagQns carted it 
away. This clean-up campaign eliminated an enor­
mous number of fly-breeding places. With compara­
tively few exceptions, the health inspectQrs completely 
failed to get such open privies as could not be elilll­
inated treated regularly or frequently with a larvicide. 
The health inspectQrs were unable to get anything like 
all 'Of the stables treated according to plan. Three 
weeks delay fQllQwing May 14th bl"Qught out many 
flies-enough for a considerable number to appear on 
one 'Of the principal streets 'Of the city. From that 
date until August 1st there was no appreciable increase 
in numbers, althQugh the seaSQn was favorable. Dur­
ing this period the prQlific breeding stables were close­
ly watched, and comparatively few flies got out. As 
the 15th of August approached the flies became much 
more abundant and continued to increase until the 
middle of September. This period 'Of increase coin­
cided with a decrease in attention t'O the bad breeding 
stables. 
OoUege Farm.-Before the work could get fully 
started the flies made their appearance ,in considerable 
numbers on the farm and about the buildings. Soon 
they fell off, and continued in sucn small numbers 
that 'On August 5th, when 1,500 farmers visited and 
spent the day at the College F'arm, although a food­
vending stand and family lunch baskets were much 
in evidence, scarcely a fly was to be seen. 
Dairy Farm.-Before the fly work began the flies 
had become very abundant. A sample of milk se­
cured at this time showed a bacterial count 'Of 700,000 
per cu. cm. On August 13th after the fly work was 
well under way a sample 'Of milk showed 90,000 per 
cu. cm. 
The elimination of fly-breeding places involves the 
removal of fly-breeding substances, killing of the mag­
gots with larvicide or destruction of adults or larvae 
with traps. 
The first type of removal cQnsists in the gathering 
up of all rubbish and its removal to a place where it 
can be burned, or dried out. In the city this can best 
be accomplished through a clean-up campaign and in 
the country thrQugh raking up the rubbish and burn­
ing it. The second type of removal consists of the 
bi-weekly removal of all constantly produced, fly-breed­
ing substances, principally horse manure. In the 
city this can best be done through a regular removal 
service while in the country it can best be done by 
throwing the manure frQm the stables into the manure 
spreader. The third type of removal consists in the 
abandonment of open privies and the connection 'Of the 
toilet with the sewer by the enforcement 'Of law. 
This procedure can, 'Of course, be employed only where 
sewers exist. 
Killing of the maggots with a larvicide involves a 
number of problems. The material employed must be 
effective, cheap, easy tQ apply, non-injurious to the fer­
tilizing value 'Of manure and preferably non-poison­
ous to the higher animals and man. An immense num­
ber of substances have been tried, mostly, with refer­
ence to their power to kill maggots. Many have proven 
able to destroy Larvae but few have been found that at 
all closely approach all the conditions me�tioned. In 
the seasons 'Of 1913, 1914 and 1915 a long series 'Of in­
organic and organic compounds was studied by the 
Bureau 'Of Entomol'Ogy 'Of the United States Depart­
ment of Agriculture and only two substances that ap­
proximately filled the requirements were found. They 
were borax and hellebore. The former answered all 
requirements except that of non-injury to manure. It 
was found that when borax-treated manure was used 
in large quantities-say, more than 15 tons to the 
acre-the plants grown upon the soil were injured. 
Hellebore proved to be entirely free from that objec­
tion but is rather high priced. Certain fertilizer mix­
tures have been shown to be promising. Such a mixture 
composed of 1h of a pound 'Of calcium c'yllnamid and 1h 
a pound of acid phosphate' per bushel 'Of manure de­
stroys maggots and increases its fertilizing powers. 
With 8-cent borax at the rate of 1 pound to 10 gal­
lons of water in 8 bushels of manure the cost for 
material is 1h a cent a bushel. With 17-cent helle­
bore at the rate 'Of 1h pound to 10 gallons 'Of water in 
8 bushels 'Of manure the cost of material is 1 cent a 
bushel. With the calcium cyanamid and acid phos­
phate mixture the cost is 1.8 cents per bushel with of 
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course quite a material increase in fertilizing value. 
Manure may be thrown in a tight receptacle CQV­
ered with a fly trap in which the emerging flies are 
c:aught and left to die. Manure may be thrown UPQn 
a raised slat platform under which a pool 'Of water 
is maintained. If the mass is kept wet by pumping 
water over it at intervals the maggots will crawl 'Out 
as they mature, fall into the water and be drowned. 
The usual arrangement is to pump the water frQm 
the underlying pool over the manure mass as needed 
to keep it wet. 
It would seem that the utilization of both types of 
attack in a single anti-fly campaign needs no dis­
cussion. 
STEPS IN AN ANTI-,FLY C AMPAIGN 
Assuming that in planning a mQdern anti-fly cam­
paign the problem should be attacked from as nearly 
every quarter as possible, the first step is a careful 
survey of the protected area and its environment for 
possible fly-breeding places, followed by the creation 
of a careful record, drafting a graphic cnart shQwing 
their location, and the preparation 'Of plans and esti­
mates whereby the breeding places may be eli Illinated. 
WithQut doubt this plan should include an extended 
clean-up campaign, the enforcement 'Of ordinances elim­
inating the open privy and forcing cunnection of tQilet 
with sewer, the adoption of an ordinance making it a 
punishable offense tQ maintain fly-breeding on the prem­
ises, the employment of sufficient men to examine all 
permanent breeding spots twice each week, and lastly 
the employment of a competent person tQ 'Oversee the 
work and maintain its efficiency. 
The second step is the carrying 'Out of a good publicity 
campaign, making the people who are to be protected 
so thoroughly familiar with the need and nature 'Of 
the work that their full cooperation may be had and 
the necessary funds obtained. 
The third step is the creation of the organization fQl­
lowed by the maintenance 'Of its efficiency. 
The fourth step is to render the results so satis­
factory that fly control will become a permanent fea­
ture of sanitary work. 
Emphasis should be placed on the elimination of 
breeding but poison bait should be fully used when the 
flies are abundant, especially near difficult breeding 
places. 
Fly traps should be placed at regular intervals 
throughout the protected area. They should be kept 
well baited with loaf sugar. Each week they should 
be emptied and the contents measured. These records 
will show the nature 'Of the distribution and conse­
quently where the most concentrated wQrk is needed. 
They will also indicate invasions should any occur. 
This year a fly campaign on these lines was carried 
out in the BQrough of Beach Haven, which is located 
on Long Beach, a narrow strip 'Of sand lying across 
the bay from TuckertQn and separating the bay from 
the open water 'Of the Atlantic Ocean. Beach Haven 
is rather well isolated, being fully five miles frQm 
the mainland and having very little settlement either 
immediately north or south of it. Although the breed­
ing was not as well taken care of as could be desired, 
the flies were scarce throughout the summer. 
From his experience of the last four years in fly 
cQntrol, the writer is firmly cQnvinced that the house 
fly can be rendered rare in our towns and cities but 
that a special 'Organization, the duty of which is to do 
this work, must be created in each place before that 
end can be reached. 
Oil For Air Compressors 
IN the course of a paper on the "Chemistry and 
Examination of Lubricating Oils" read before the Diesel 
Engine Users Association, Mr. Elliott A. Evans made 
some remarks on the quality of oil required for use in 
air-compressors. 
He said that the Pennsylvanian oils are the only ones 
moderately stable when subjected to the action of highly 
compressed air, and then only at moderate temperatures. 
At elevated temperatures the oil cracks, giving rise tQ 
lighter oils which in their tllrn crack into still lighter oils. 
During the cracking carbon is deposited, and some 
extremely unstable hydrocarbons, probably of the olefine 
series, are formed which decompose with explosive 
violence. It is quite conceivable that the explosion in an 
air-compressor at Smithfield occurred through the 
production of these unstable bodies, and that the vapor 
of the light oils was exploded by their detonation. That 
the explosion was caused by the ignition of 'Oil fog may 
be a very convenient working hypothesis, bllt it is a little 
difficult to understand how ignition was effected.­
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